The test matrix was a brine solution of approximately 25 weight percent mimicking the anticipated Basin 43 waste from the Effluent Treatment Facility, and is based on data obtained from wells 299-WII-45 and 299-WII-46.
Conclusions from this effort and supported in this document are the following:
a. Ca1cium-phosphate-based getters are not effective in reducing the mobile pertechnetate in matrices of high salt concentration.
b. Adjusting the oxidation-reduction potential to reduce pertechnetate is effective in reducing the pertechnetate species to the technetium dioxide species.
c. Encapsulation in a reducing cementitious waste form provides good retention of technetium.
d. Tin(II)apatite and sorbents (ion exchange resins) are effective in substantially decreasing the mobility of pertechnetate in high salt and alkaline matrices.
e. Leachability indices greater than 12 are attainable with a combination of tin(II)apatite and cementitious monoliths.
It was beyond the scope of this effort to investigate the effect oxidizing materials in cementitious waste forms exposure to the atmosphere through cracks and fissures has on the re-oxidation of technetium dioxide to pertechnetate with and without an added reductant such as tin(II)apatite. The sodium metabisulfite was discarded due to the deleterious effect on the chrome passivating layer in 304 and 316L stainless steel leaving it vulnerable to corrosion processes. Figure 1 shows the Pourbaix diagram indicating that the Tc02 species is attainable at a potential of approximately -400 mV (SHE) and a pH of approximately 12. Table 3 shows the experimental matrix used during the experiment Table 4 shows the results from the inductively coupled plasma mass spectrometry (ICP-MS) analyses of the test solutions in conditions outlined in 
EXPERIMENTAL DESIGN AND RESULTS
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-2 -1 0 e 3 4 5 6 7 8 a 10 1I 12 13 14 15 pH 16 I Since the groundwater brine simulant (GWBS) contained hexavalent chromium, an analyses of the reduction by Sn(II)apatite and adsorption by the ion exchange resins was carried out. The results are presented in Table 5 . 
CEMENTITIOUS MATRIX
The samples containing getters, reductant, and resin were cast in the grout formulation 8A, specified in RPP-PLAN-33338. However, the presence of excess bleedwater and poor setting strengths led to modifications of the formula. Table 6 presents the original proposed formula and the modification that allowed for less bleedwater and a firmer set. The modified formula was employed for monolith casing. The cement samples were cured for a 28-day period before final leach testing. The monoliths were cured in a drying oven set at 54 DC for the first 3-4 days and then removed and allowed to cure adiabatically for the remainder of the 28 days. At the conclusion of the cure period, the monoliths were removed from the casting vessels. Tables 7, 8 , and 9 show the casting conditions of the reductants, absorbents, and getters with and without oxidation-reduction potential (ORP) adjustment. The resultant leacheate was analyzed for technetium using an ICP mass spectrometer. Tables 10  and 11 present the TCLP data from the candidate getters, reductants, and ion exchange resins. 
AMERICAN NATIONAL STANDARDS INSTITUTE LEACH PROCEDURE
The ANSI leaching process was conducted according to the method ANSI!ANS-16.1-2003.
The monoliths produced for the ANSI!ANS-16.1 leach test are cylindrical and on average 3.5 cm in height with a diameter of2.9 cm. The surface area (S) is 45.1 cm 2
• The volume of deionized water necessary for leaching the monoliths as described in the method is 451 ± 90.2 ml as determined by VL (cm 3 )/S (cm 2 ) = 10 +/-0.2 (cm).
A clean 500-ml Teflon®5 jar fitted with a screened dipper and lid was used for each leaching test. These vessels permitted the monolith to be submerged and suspended in the water column with minimal surface occlusion. To control for potential evaporation, the vessels were securely capped during each leaching interval.
At the conclusion of the 28-day cure period, the monoliths selected for ANSI!ANS-16.1 testing were removed from the cure vessels as a solid cylinder. Every effort was made to ensure the integrity of the entire monolith. The leaching procedure as described by ANSI!ANS-16.1 requires use of deionized water as the extraction medium. A sample of each leaching solution was drawn off immediately following the leach interval end time. The monolith was then resubmerged in a fresh deionized water bath.
All ANSI-16.1Ieachates were analyzed by ICP-MS for 99Tc . The Sn(II)apatite and resin bead agent leachates were also analyzed for chromium content. The results for each reductant/absorbent at each leaching interval are presented in Table 12 for 99Tc. The leachability index was calculated based on the average of the two sample analyses for each reductant/absorbent at each leaching interval for 99Tc. The leachability index spreadsheets for each reductant/absorbent are compiled in the CLS report in Appendix A. All data points less than the analytical limit of quantification (LOQ) were entered into the leachability index calculations as equal to the LOQ. The LOQ for 99Tc was 5 x 10-5 ppm and for chromium was 1 x 10-2 ppm. The resulting indices are therefore conservative in nature. The chromium concentration in the Sn(II)apatite and resin 99Tc reductant/absorbent leachates exhibited little variation between the individual agents and leaching periods. The concentrations of chromium are less than the LOQ (0.001 ppm). For this reason, the leachability index for each individual reductant/absorbent was not calculated. A leachability index of 10.6 is obtained by using 0.001 ppm as the leaching concentration (based on the chromium LOQ). Given that most concentrations were less than the LOQ, the leachability index may be higher with an increased analytical sensitivity.
The initial monolith rinses were conserved and analyzed for the Sn(II)apatite and resin 99Tc reductant/absorbent monoliths only. The leachability indices for the samples without rinsate analysis are therefore not adjusted for the potential reduction in the source term that these rinses would have been used to calculate. The amount of reduction in the source term for these conserved and analyzed rinses was observed to be negligible. Figure 2 shows that less than 0.1 % by weight technetium is removed by the rinse. The full analytical reports from each leaching period are available in Appendix A. SnUApatite '~~~~~~==~a=:
RESULTS
Due to the experimental protocols carried out by the CLS, it was not possible to delineate a distribution coefficient for tin(II)apatite. Although distribution coefficients were not carried out in the present study, "Sorption ofTc by Sn(II) Treated Apatite Draft Letter Report, Sandia National Laboratories" (Moore 2003) , reported distribution coefficients with tin(II)apatite of 475,000 to 3,202,100 ml/g in a groundwater matrix and 5140 to 4890 mlzg in a concentrated sodium salt solution (2003) . The tin(II)apatite was successful in reducing the pertechnetate to technetium dioxide as evidenced by the black precipitant ( Figure 3 ) and substantially decreasing the mobile technetium species.
As indicated in Table 4 , the ORP adjusted samples reduced the mobile technetium substantially, approaching two orders of magnitude. In a mixture of hexavalent chromium the tin(II)apatite was effective in reducing the mobile hexavalent chromium (see Table 5 ).
Although there are no regulatory drivers for the determination of technetium using the TCLP, a TCLP was carried out to provide an indication of the percent of technetium that would be leached in the procedure. Tables 10 and 11 show the values obtained with the TCLP. Both the tin(II)apatite and the ion exchange resins were most successful in retarding the movement of technetium (see Figure 4) . The most important test carried out in the course of this study is the ANSI/ANS-16.1Ieach test. As indicated in Figure 5 , the highest leach index (LI = 12.7) was obtained using tin(II)apatite reacting with the pertechnetate then incorporating into the cementitious waste form. The calculated index is the negative logarithm of the measured effective diffusivity ofthe radioisotope; therefore, a larger LI indicated less of the isotope has leached during the procedure. If future studies are to be carried out, at a minimum the following should be incorporated:
a. Understanding of the fundamental ofthe Tc (VII) reduction and association with tin(II)apatite; chemisorption or physisorption.
b. Determine distribution and selectivity coefficients in matrices of concern.
c. Formulate cement and determine leaching for addition waste brine compositions.
d. Extend ANSIIANS-16.1 leach index determinations to longer time periods.
e. Examine the effect of aging, curing, cracking, and fissuring of cementitious waste forms on the re-oxidation of technetium dioxide.
f Examine initial and leached cementitious waste forms using scanning electron microscopy to determine failure modes.
